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ABSTRACT

Five years (2000-2004) of spatially complete ephemeral and seasonal snow-
free land surface albedo data have been produced using high quality diffuse bi-
hemispherical (white-sky) and direct-beam directional hemispherical (black-sky)
land surface albedo data (MOD43B3, collection 4) derived from observations
taken by the MODIS instrument aboard NASA’s Terra satellite platform. In ad-
dition, a spatially complete snow-free aggregate albedo climatology product was
generated. These spatially complete products were prepared using an ecosys-
tem-dependant temporal interpolation technique that has been shown to replace
missing data within 3-8% error.

These datasets have already been integrated into research and operational
projects that require ephemeral and seasonal snow-free land surface albedo. As
such, this paper provides details regarding the spatial and temporal distribution
of filled versus original MOD43B3 data. The paper builds upon a previously
published error analysis by exploring the intra- and inter-annual variation in the
five-year data record and provides a qualitative comparison of zonal averages
and annual cycles of filled versus original MOD43B3 data.

The analyses showcase the data’s inter-and intra-annual variation and dem-
onstrates that the filled data exhibit qualitatively similar large- and small-scale
phenological behavior as the MOD43B3. These analyses thereby serve to show-
case the inherent spectral, spatial, and temporal variability in the MOD43B3 data
as well as the ability of the fill technique to maintain these unique regional and

pixel-level phenological characteristics.



1. Introduction

Surface albedo represents the ratio of reflected to incoming solar radiation at
the earth’s surface and is a central element in the determination and partitioning
of the surface energy balance components. Albedo is also important for remote
sensing of clouds (King et al. 1992, 2003, 2004; Platnick et al. 2003) and the deter-
mination of aerosols optical properties (Kaufman et al. 1997; King et al. 1999; Hsu
et al. 2004) from satellite and airborne platforms, as well as from surface-based
sun/sky radiometers (Holben et al. 1998; Dubovik et al. 2000).

Snow-free albedo is especially important for biophysically-based land sur-
face models that compute the exchange of energy, water, momentum, and carbon
for various land use categories (Sellers et al. 1996; Ingram et al. 1989; Dirmeyer et
al. 1994; Whitlock et al. 1995). Partly in response to this need, validated (Liang et
al. 2002; Jin et al. 2003a, 2003b; Wang et al. 2004) diffuse bi-hemispherical (white-
sky) and direct-beam directional hemispherical (black-sky) land surface albedo
data, known as MOD43B3 (Schaaf et al. 1998), have been derived from observa-
tions taken by the Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard NASA’s Terra (King and Herring 2000) spacecraft. Beginning on Febru-
ary 24, 2000, global values at 1 km spatial resolution and every 16 days were
produced for the first seven MODIS bands, 0.47 through 2.1 um, and for three
broadband wavelengths, 0.3-0.7, 0.3-5.0, and 0.7-5.0 pm.

However, roughly 30% of the global land surface, on an annual equal-angle
basis, is obscured due to persistent and transient cloud cover, while another 20%
is obscured due to ephemeral and seasonal snow cover. Accordingly, an ecosys-
tem-dependant phenological (temporal) interpolation technique was developed
to provide spatially complete global snow-free land surface albedo. This tech-

nique fills missing, lower quality, and snow-covered data from the official
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MOD43B3 dataset with interpolated, geophysically realistic values that have an
accuracy of 3-8% (see Moody et al. 2005 for details).

Since Moody et al. (2005) was published, the authors have slightly refined
the technique (Section 2) and applied it to five years of collection 4 MOD43B3 al-
bedo data spanning 2000-2004. In addition, MOD43B3 data from the same pe-
riod was aggregated and treated using the same technique to produce a five-year
albedo climatology. These datasets have had success and are being used in re-
search and operational projects that require inter-annually variable, ephemeral
and seasonal snow-free, and spatially complete land surface albedo (Hsu et al.,
2004, 2006; Marshak et al., 2006; Matsui et al., 2006; Ramon and Santer, 2005; Roy
et al., 2006; Tegen et al., 2006; Wen et al., 2006; Yu et al., 2006).

The purpose of this paper is therefore two folds. First it gives users ample
details regarding the spatial and temporal distributions of filled versus original
MOD43B3 data (Section 3). Second, it builds upon previous analysis (Moody et
al., 2005) and presents seasonal albedo maps (Section 4) as well as a qualitative
comparison of zonally averaged fields and annual phenological cycles of pixels
that have been filled versus pixels flagged as original high-quality MOD43B3
data (Section 5). These analyses showcase the ability of the filling technique to
maintain regional and pixel-level spatial, spectral, and temporal features that are

inherent in the MOD43B3 data.

2. Collection 4 spatially complete albedo products

Collection 4 MOD43B3 data (2000-2004) were processed using an algorithm
that was slightly fine-tuned by utilizing statistics from a five-year (2000-2004) ag-
gregate of high-quality MOD43B3 data. These statistics provided more robust

temporal trends in regions with few local or regional observations, namely cloud
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covered tropical regions and in high latitude areas whose dormant states were
poorly characterized due to onset of ephemeral and seasonal snow (Moody et al.,
2005). An updated MODIS International Geosphere-Biosphere Programme
(IGBP) ecosystem classification dataset (Friedl et al. 2002), referred to as product
MOD12Q1 (data 149, 2001), was also employed to provide, among other benefits,
improved classification of urban areas.

Processing of year 2000 MOD43B3 data required special attention, as the in-
terpolation technique requires a full half-year’s worth of data but the Terra satel-
lite was not operational for the first three 16-day periods (001, 017, and 033). As
an approximation, the five-year aggregate MOD43B3 data and statistics were
substituted directly for these three periods.

Lastly, the five-year aggregate of high-quality MOD43B3 data was filled us-
ing the interpolation technique in order to provide a five-year climatology that

can be used as an average year.

3. Spatial and temporal distributions of filled versus original MOD43B3 data

Processing Quality Assurance (QA) of the spatially complete albedo product
records whether a pixel’s MOD43B3 data were of high enough quality to be pre-
served or if they needed to be filled using the temporal interpolation technique
(Moody et al., 2005). With this QA information, spatial and temporal distribu-
tions of filled versus MOD43B3 data can be explored to provide researchers with
a general reference of when and where they might expect to be using filled data.
It can also provide a sense of where there is better temporal coverage that will in
turn provide better phenological information for the interpolation technique.
While each wavelength may have its own unique number and location of pixels

tilled, the variability between wavelengths is minor. As such, data from the 0.858
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um band was used to illustrate these distributions.

To provide an overall sense of global yearly temporal coverage, Fig. 1 illus-
trates the number of 16-day periods that a pixel has maintained its original
MOD43B3 data. Fig. 1a, the five-year aggregate climatology, shows dramatic
improvements in the overall temporal coverage compared to any single-year
data (1b-1f). This is especially true in areas with limited or no coverage (ephem-
eral and seasonal snow-impacted or cloud-covered areas). This increase in tem-
poral coverage can lead to improved descriptions of phenological behavior.

Figs. 1b-1f illustrate that there is a significant degree of inter-annual variabil-
ity in the number and location of high-quality MOD43B3 retrievals. They also
show that the single-year products have limited temporal coverage in persis-
tently cloudy regions (tropics, Southeast Asia, southern India) and the ephemeral
and seasonally snow-impacted areas (esp. mid to high latitudes in the Northern
Hemisphere) in which the snow-free dormant state is not always observed. In
areas with no observations during the entire year, statistics from the five-year
aggregate climatology replaced single-year statistics in order to boost interpola-
tion performance (see Sec. 2).

Global trends in spatial and temporal distributions of filled versus original
MOD43B3 data for the five-year climatology and the five single-year products
can be discerned from Figs. 2 through 4. These figures confirm that snow-
impacted and seasonally or persistently cloudy areas have the largest number of
tilled pixels, whereas mid-latitude pixels predominantly retain their originality.
The region with the best MOD43B3 data coverage is the 20°5-40°S zone, a belt
containing central and southern Australia, southern Africa, and south-central
South America. This is partially due, with the exception of parts of South Amer-

ica and Africa, to this region being comprised of predominantly arid ecosystems



MOODY et al. 7

(deserts and shrublands). For the aggregate climatology, this area consists of
nearly all MODA43B3 data, with as few as a fraction of one percent containing
filled pixels.

Unsurprisingly, these figures also demonstrate that for either the climatol-
ogy or single-year data, the beginning and end of the year have the highest over-
all percentage of filled data due to the impact of ephemeral and seasonal snow.
The middle of the year has the lowest percentage of filled data, with the majority
of filled data residing in tropical regions. In addition, for any 16-day period, the
climatology has, on average, 10-20% more MOD43B3 pixels than any single-year
data. On an annual global basis, the climatology has 32% filled data compared to
45-50% filled data for any single-year product.

As for ecosystems, the variability (not shown) in which ecosystems are filled
most often is primarily due to climatology and the global distribution of ecosys-
tem classes. It is not surprising to find that arid classes (desert, closed shrubs,
permanent snow) require the least amount of filling, whereas classes predomi-
nantly in the tropics (evergreen broadleaf forest, wetlands) require the most fill-
ing. Of the forest classes, the deciduous broadleaf forest (DBF) has the best cov-
erage, primarily due to the majority of these pixels residing in the 50°N-30°N and
10°5-30°S latitude belts. The aggregate climatology dramatically improves the
coverage of classes within the broader 50°N-20°N and 10°5-40°S latitude belts

(DBF, cropland, crop mosaic, urban, savanna, grassland, and closed shrubs).

4. Inter- and Intra-Annual Temporal and Spatial Variability
Radiative properties of ephemeral and seasonal snow-free surfaces are pri-
marily dependent on ecosystem classification, the properties of ground and vege-

tation canopy, soil condition, and local climatology (Reed et al. 1994; Kaduk and
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Heimann 1996; Schwartz 1998; Schwartz and Reed 1999; White et al. 1997; Zhang
et al. 2003; Penuelas et al. 2004). As such, and as illustrated in Figs. 5-7, spatial
and temporal variability in albedo arise from the global distribution of these fac-
tors and from seasonally changing climatological and growth conditions (often
latitudinally correlated). In particular, vegetative surfaces exhibit defined and
often dramatic phenological patterns. They can also exhibit curtailed or ex-
tended periods of productive vegetation due to inter-annual climate variability;
when examining Figs. 5-7, it is important to note that the averaging nature of the
five-year aggregate does not provide for interannual variability.

It is instructive to begin by examining some trends in the aggregate maps,
the left column of Fig. 5. In January (Fig. 5a), the Northern Hemisphere’s vegeta-
tion is in full decay. Vegetation in Southern North America, Europe, and Asia
begin to grow during April (Fig. 5c) and reach full maturity around mid-year
(Fig. 5e); grass- and crop-lands in the Northern Hemisphere are especially bright
in the near-infrared channel during July. The phenological cycle is completed as
vegetation senesces during the later part of the year (Fig. 5g). The opposite
trends hold for Southern Hemisphere vegetation over the course of the year.

It is also interesting to note, in the left panels of Fig. 5, the variability in 0.86
pm albedo values for regions (large and small) with the same ecosystem classifi-
cation. For example, West Central Australia is primarily open shrubland, how-
ever varying vegetation types and/or levels of productivity cause the albedos to
range between ~0.2 and 0.3. Varying conditions in the Sahara Desert cause simi-
lar speckled patterns. These local inter-ecosystem variations can be especially
pronounced in highly vegetated areas during growth or senescence states. For
example, during April (Fig. 5c) crop- and grass-lands in the Mid-Western United

States and Western Europe contain areas that have begun to grow while other
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local regions have not; this can most readily be seen in Western Europe where
the vegetation in the United Kingdom and North Western France have begun to
grow even though surrounding regions have not.

One can also observe the movement of the ITCZ in panels on the left of Fig.
5. As the ITCZ moves into a region, its associated rainfall provides conditions
suitable for vegetative growth which thereby produces increases in the 0.86 pm
albedo. This trend can be seen quite readily as the ITCZ begins the year in
Southern Africa, progresses northward through April, is in Central Africa mid-
year, and begins to make its way south during the later part of the year.

Inter-annual variability can be explored by comparing the differences be-
tween the five-year aggregate (Fig. 5 a, ¢, e, and h) and the single-year data (Figs.
5-7). For example, croplands in the Mid-Western United States during 2003 (left
panels of Fig. 7) are not as bright as the climatology, which may indicate a de-
layed growth cycle, or perhaps less productive vegetation; the opposite is true
for certain Mid-Western regions the following year (2004, right panels of Fig. 8).

Similarly, examinations of Australia show substantial inter-annual variability.

5. Zonal averages and phenology of filled vs high-quality MOD43B3 data
Even with the substantial variability of pixel-level, local, and regional
phenological trends that arise from the factors presented in Section 4, Moody et
al. (2005) showed that their phenological interpolation technique could fill miss-
ing data within 3-8% accuracy. Further direct error analysis is not possible as the
two data types (high-quality MOD43B3 and filled) are mutually exclusive and
collectively exhaustive. In addition, alternative (i.e. non-MODIS) validation da-
tabases suffer from the same temporal and spatial coverage issues, namely lack

of observations due to cloud or ephemeral snow coverage.
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Nonetheless, this paper seeks to build upon the previous error analysis by
qualitatively comparing zonal averages and annual cycles of pixels that have
been filled versus pixels flagged as high-quality MOD43B3 data. Such an analy-
sis can showcase the ability of the filling technique to maintain pixel-level and
regional spatial and temporal behavior that is inherent in the MOD43B3 data.
For brevity, the analysis of the spatially complete products will be performed us-
ing one single year (2002) and the five-year climatology data. While there are in-
ter-annual variations between single-year data, analysis of a single-year of data
will provide representative trends associated with the other years.

The authors chose to perform the analysis using diffuse bihemispherical
(white-sky) albedo as this represents reflectance under conditions of isotropic il-
lumination and thereby excludes angular solar effects. To take into account the
various factors, described in Sec. 4, that cause variability in spatial and
phenological behavior, the statistics were computed as ecosystem classification
dependent ten-degree latitude zonal averages for every 16-day period. For con-
ciseness and to provide trends over a range of albedo values and spectral charac-
teristics, the authors chose to present statistics for three ecosystem classes (crop-
land, grassland, and mixed forest) and for three bands (0.47 pm, 0.858 um, and
the shortwave broadband 0.3-5.0 pm). This section will proceed with spatial (5a)

and temporal (5b) trend discussions, and by examining divergent trends (5c).

a. Zonal averages of filled versus high-quality MOD43B3 data

Figure 8 compares ten-degree latitudinal zonal averages in the single-year
(2002) and the aggregate spatially complete albedo data for a single 16-day pe-
riod (Day 193, July 12-27). For this time of year, there are few filled pixels in the
10°5-40°S latitude belt; less than 10% filled pixels for single-year processing
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(2002) and less than 1% for the aggregate climatology. Conversely, the 0°-40°N
latitude belts vary (by ecosystem) from roughly 40-90% filled pixels for the sin-
gle-year processing (2002) and 20-70% filled pixels from the aggregate climatol-
ogy.

For the selected ecosystems and spectral bands, the filled and MOD43B3 pix-
els have trends that are qualitatively consistent. In the near-infrared 0.858 pm
band, the cropland and mixed forest trends exhibit mature growth in the North-
ern Hemisphere, and are dormant in the Southern Hemisphere. The peak in the
grassland occurs in the 20°N-10°N latitude belt; the grasslands of this region are
in full growth as the Intertropical Convergence Zone (ITCZ) brings rain to this
region during this time of year.

Some slight divergences between trend lines are observed. Upon further
analysis, detailed in Section 5c, these departures arise when there are limited
amounts of one type of data (either filled or MOD43B3). For example, in Fig. 8,
some of the grassland MOD43B3 and filled data trends slightly diverge in the
tropical to sub-tropical latitudes. This is primarily due to the limited number of
tilled pixels in this latitude belt. More specifically, in the 20°N-10°N region, filled
grassland pixels primarily reside in Africa, whereas MOD43B3 pixels primarily
reside in the Americas. These regions have different vegetative types and condi-
tions and thereby albedo values. This situation results in latitudinal mean values
that diverge even though detailed comparisons of each region show agreement
between MOD43B3 and fill data. Perhaps in a counter-intuitive way, these
anomalies actually highlight the inherent spatial and temporal variability in the
MOD43B3 data as well the ability of the fill methodology to provide values that

maintain unique local, regional, and latitudinal phenology.
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b.  Phenological (temporal) behavior of filled versus high-quality MOD43B3 data

The phenological (temporal) behavior of the single-year (2002) and aggregate
climatology data can most readily be examined by focusing on a single latitude
belt; the 50°N-40°N latitude belt was selected as its vegetation exhibits large dif-
ferences in the mean albedo values of the vegetative mature and senescent states.
Fig. 9 shows ten-degree latitudinal mean diffuse bihemispherical (white-sky) al-
bedo, as a function of 16-day time period, for each of the 23 time periods and for
three ecosystems.

The temporal trends show that the MOD43B3 and filled data exhibit qualita-
tively similar behavior, with the maximum vegetative growth and dormant
states appearing qualitatively consistent (0.858 pm band best shows the vegeta-
tive trends) for both the single-year and aggregate climatology data. A closer in-
spection, however, reveals that there are some discrepancies. As detailed in Sec.
5a and further in Sec. 5c, these features arise from small sample sizes of
MOD43B3 or filled pixels that are disproportionately distributed across the lati-
tude belt. While this situation impacts the latitudinal means, detailed analyses of
local averages show that MODA43B3 and fill pixels have comparable values.

For example, during the dormant stages, grasslands from the 0.858 pm 2002
single-year processed data primarily consist of filled pixels. Examining Fig. 9d,
the MOD43B3 pixels’ trend in the beginning of the year differs from the filled
pixels’ trend, with maximum deviation occurring near the 16-day period starting
at day 17 (17 Jan). During this period, only 18.7% of the latitude belt’s pixels are
from original MODA43B3 data.

Upon closer inspection, a near majority (48.1%) of these MOD43B3 pixels re-
side in a single region located in eastern Asia. This region’s dormant state has a

white-sky albedo (0.278) that is higher than the spatially representative latitu-
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dinal average filled pixel state (0.209). As such, the pixels from this area domi-
nate the statistical computation, resulting in differing mean latitudinal MOD43B3
and filled trends during this time of year. However, averages of this region’s fill
(0.281) and MOD43B3 (0.278) pixels are comparable. During this same time pe-
riod, the deviation in the aggregate climatology data (Fig. 9c) is reduced. This is
primarily due to there being more MOD43B3 data that are better distributed
across the latitude belt. In all, this provides further evidence of the spatial and
temporal variability inherent in the MOD43B3 data and the ability of the fill pro-
cedure to maintain these variations.

In a reverse situation, for the aggregate climatology’s grassland 0.47 pm
data, Fig. 9¢c, the filled and MOD43B3 trends differ between days 161 and 289
(peaking at day 257). During this time the filled pixels represent only a fraction
of 1% of the total grassland pixels in this latitude belt. In fact, at the peak devia-
tion, day 257, there are only 4,420 filled pixels, or about 0.25% of the total grass-
land pixels in the latitude belt. Of these 4,420 filled pixels, 4,263 pixels (96.4%)
reside in a single, small region located in central Asia.

This region, however, has a filled pixel average (0.106) that differs substan-
tially from the spatially representative MOD43B3 latitudinal average albedo
(0.066). As a result, the mean filled pixel latitudinal trend deviates from the spa-
tially representative MOD43B3 latitudinal trend during this time period. Upon
closer inspection of this region, it is apparent that the MOD43B3 mean (0.113) is
comparable to the filled value mean (0.106). During this same time period, the
deviation in the single-year data (Fig. 9d) is reduced due to there being more fill
data that are better distributed across the latitude belt. This provides further
evidence of the spatial and temporal variability inherent in the MOD43B3 data

and the ability of the fill procedure to maintain these local variations.
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In the final analysis, the qualitatively similar MOD43B3 and fill pixel tempo-
ral trends showcase the ability of the fill technique to properly represent large
scale trends. The deviations in trends, perhaps counter-intuitively, highlight both
the inherent spatial and temporal variability in the MOD43B3 data as well the
ability of the fill methodology to maintain the unique phenological state of each

local and regional area.

c. Influence of disproportionately distributed pixels on latitude belt averages

As seen in Sections 5a and 5b, care must be taken when interpreting latitude
belt statistical trends as means can be skewed when contributions from regions
within the latitude belt are not proportionally distributed; this scenario fre-
quently occurs when there are relatively small numbers of either MOD43B3 or
tilled pixels (i.e. winter or summer, see Figs. 2-4). Then again, these occurrences
provide the chance to showcase the spatial variability inherent in the MOD43B3
product, and the ability of the fill technique to represent local behavior.

To further explain this concept, within a latitude belt an ecosystem’s pixels
are typically distributed across several landmasses, each of which has unique
climatology, vegetative and ground conditions, and structure. Differences be-
tween the conditions of each region result in varying albedo magnitudes (dor-
mant and mature) within the same ecosystem class, as seen in Figs. 5-7. With a
sample that is proportionately distributed across a latitude belt, these local vari-
ances are dampened and a representative latitude belt mean can be computed.
However, when the sample is disproportionately distributed across a latitude
belt, region(s) can dominate the mean calculation, resulting in a non-
representative latitude belt mean.

Small samples in which a single region is wholly over- or underrepresented
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can exacerbate this problem. As regions (and pixels) have unique magnitudes
(dormant or mature) that can vary substantially, a latitudinal mean computed
from such a sample could be substantially different than if it had been computed
from a proportionally distributed sample. On a positive note, these cases do
provide excellent examples of the inherent MOD43B3 regional and pixel-level
spatial and temporal variability. These cases also demonstrate the temporal in-

terpolation technique’s ability to maintain these inherent MOD43B3 behaviors.

6. Conclusions

In this paper, we describe refinements in the temporal interpolation tech-
nique that address areas of limited observation, namely persistently cloudy
(tropical) and ephemeral and seasonal snow-impacted (high latitude) regions.
The refined algorithm is then applied to five years (2000-2004) of collection 4
MOD43B3 data. Also described is the creation of a spatially complete ephemeral
and seasonal snow-free five-year aggregate climatology product. For this prod-
uct, five years (2000-2004) of high quality MODA43B3 observations were aggre-
gated for each of the annual 23 16-day time periods. The remaining missing val-
ues were filled using the refined interpolation technique.

This paper also provides additional details regarding the spatial and tempo-
ral distributions of filled versus original MOD43B3 data. Seasonal albedo maps
for the five years and the aggregate product are provided. A qualitative com-
parison of temporal and spatial trends of data that have been filled versus data
flagged as original MOD43B3 values is provided. This study underscores the
ability of the filling technique to maintain regional and pixel-level spatial, spec-
tral, and temporal behavior that is inherent in the MOD43B3 data.

Single-year and multi-year climatological digital data from this analysis are
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available for public download at ftp://modis-atmos.gsfc.nasa.gov.
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FIGURE LEGENDS
Number of high quality MOD43B3 retrievals preserved for each pixel in
the spatially complete (a) five-year (2000-2004) aggregate climatology al-
bedo data. For comparison, the difference between the climatology and
single year data is shown in panels (b) through (f). Mid-latitude regions
typically have more observations than areas of persistent clouds (trop-
ics) or ephemeral and seasonal snow and low illumination angles (high
latitudes). By definition, the aggregate product provides more complete
temporal information than any single year of data.
Temporal and spatial distribution of preserved high quality MOD43B3
retrievals and filled pixels at 0.86 um for the 16-day periods of (a, b)
January 1-16, (c, d) April 3-18, (e, f) July 12-27, and (g, h) September 30-
October 14. Data from the five-year (2000-2004) climatology is presented
in the left column (a, ¢, e, g), while the single-year 2000 albedo data is
presented in the right column (b, d, {, h).
Temporal and spatial distribution of preserved high quality MOD43B3
retrievals and filled pixels at 0.86 um for the 16-day periods of (a, b)
January 1-16, (c, d) April 3-18, (e, f) July 12-27, and (g, h) September 30-
October 14. Single-year 2001 and 2002 data are presented in the left (a, c,
e, g) and right (b, d, f, h) columns, respectively.
Temporal and spatial distribution of preserved high quality MOD43B3
retrievals and filled pixels at 0.86 um for the 16-day periods of (a, b)
January 1-16, (c, d) April 3-18, (e, f) July 12-27, and (g, h) September 30-
October 14. Single-year 2003 and 2004 data are presented in the left (a, c,
e, g) and right (b, d, f, h) columns, respectively.
Spatially complete diffuse bihemispherical (white-sky) albedo at 0.86 pm
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for the 16-day periods of (a, b) January 1-16, (c, d) April 3-18, (e, ) July
12-27, and (g, h) September 30-October 14. Data from the five-year
(2000-2004) climatology is presented in the left column (a, c, e, g), while
the difference in the single-year 2000 albedo data, compared to the cli-
matology, is presented in the right column (b, d, £, h).

Spatially complete diffuse bihemispherical (white-sky) albedo at 0.86 pm
for the 16-day periods of (a, b) January 1-16, (c, d) April 3-18, (e, ) July
12-27, and (g, h) September 30-October 14. Departures in albedo from
the five-year (2000-2004) climatology for single-year 2001 (left column, a,
¢, e, g), and 2002 (right column, b, d, {, h) albedo data are presented.
Spatially complete diffuse bihemispherical (white-sky) albedo at 0.86 pm
for the 16-day periods of (a, b) January 1-16, (c, d) April 3-18, (e, f) July
12-27, and (g, h) September 30-October 14. Departures in albedo from
the five-year (2000-2004) climatology for single-year 2003 (left column, a,
¢, e, g), and 2004 (right column, b, d, f, h) albedo data are presented
Mean diffuse bihemispherical (white-sky) albedo values computed by
10° latitude belts for three bands (0.47 and 0.858 pm narrowband, and
the 0.3-5.0 um shortwave broadband) during the 16-day period of July
12-27 (data day 193). Trends are computed for three ecosystem classes,
cropland (a and b), grassland (c and d), and mixed forest (e and f) from
the five-year aggregate climatology (a, ¢, and e) and the 2002 single-year
albedo data (b, d, and f).

Mean diffuse bihemispherical (white-sky) albedo values computed for
each 16-day period for three bands (0.47 and 0.858 pm narrowband, and
the 0.3-5.0 pym shortwave broadband) over the 50°N-40°N latitude belt.

Trends are computed for three ecosystem classes, cropland (a and b),
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grassland (c and d), and mixed forest (e and f) from the five-year aggre-
gate climatology (a, ¢, and e) and the 2002 single-year albedo data (b, d,
and f).
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a) Five-Year Aggregate MOD43B3 Data

b) Five-Year Aggregate - 2000 Single-Year Data

¢) Five-Year Aggregate - 2001 Single-Year Data d) Five-Year Aggregate - 2002 Single-Year Data
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f) Five-Year Aggregate - 2004 Single-Year Data
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Fig.1l. Number of high quality MOD43B3 retrievals preserved for each pixel in
the spatially complete (a) five-year (2000-2004) aggregate climatology al-
bedo data. For comparison, the difference between the climatology and
single year data is shown in panels (b) through (f). Mid-latitude regions
typically have more observations than areas of persistent clouds (trop-
ics) or ephemeral and seasonal snow and low illumination angles (high
latitudes). By definition, the aggregate product provides more complete

temporal information than any single year of data.
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a) January |-16, Climatology b) January 1-16,2000

) July 12-27,2000

,_;,,—_-___*;‘;ff - =
e L -
P

oo e -

ed Pixels .Non-Land and Polar Darkness Pixels

. Fill

Fig. 2. Temporal and spatial distribution of preserved high quality MOD43B3

[ ]High-Quality MOD4383 Pixels

retrievals and filled pixels at 0.86 pm for the 16-day periods of (a, b)
January 1-16, (c, d) April 3-18, (e, f) July 12-27, and (g, h) September 30-
October 14. Data from the five-year (2000-2004) climatology is presented
in the left column (a, ¢, e, g), while the single-year 2000 albedo data is

presented in the right column (b, d, {, h).
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a) January 1-16,2001 b) January |-16,2002

g) September 30-October 14,2001

High-Quality MOD43B3 Pixels Filled Pixels Non-Land and Polar Darkness Pixels
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27

Temporal and spatial distribution of preserved high quality MOD43B3

retrievals and filled pixels at 0.86 um for the 16-day periods of (a, b)

January 1-16, (c, d) April 3-18, (e, f) July 12-27, and (g, h) September 30-

October 14. Single-year 2001 and 2002 data are presented in the left (a, c,

e, g) and right (b, d, f, h) columns, respectively.
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a) January 1-16,2003 b) January |-16,2004
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Fig. 4. Temporal and spatial distribution of preserved high quality MOD43B3
retrievals and filled pixels at 0.86 um for the 16-day periods of (a, b)
January 1-16, (c, d) April 3-18, (e, f) July 12-27, and (g, h) September 30-
October 14. Single-year 2003 and 2004 data are presented in the left (a, c,
e, g) and right (b, d, f, h) columns, respectively.
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a) January |-16, Climatology b) January 1-16, Climatology - 2000

e) July 12-27, Climatology
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Spatially complete diffuse bihemispherical (white-sky) albedo at 0.86 pm

for the 16-day periods of (a, b) January 1-16, (c, d) April 3-18, (e, f) July

12-27, and (g, h) September 30-October 14. Data from the five-year

(2000-2004) climatology is presented in the left column (a, c, e, g), while

the difference in the single-year 2000 albedo data, compared to the cli-

matology, is presented in the right column (b, d, £, h).
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a) January 1-16, Climatology-2001 b) January I-16, Climatology-2002
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Fig. 6. Spatially complete diffuse bihemispherical (white-sky) albedo at 0.86 pm
for the 16-day periods of (a, b) January 1-16, (c, d) April 3-18, (e, ) July
12-27, and (g, h) September 30-October 14. Departures in albedo from
the five-year (2000-2004) climatology for single-year 2001 (left column, a,
¢, e, g), and 2002 (right column, b, d, £, h) albedo data are presented.
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a) January I-16, Climatology-2003 b) January 1-16, Climatology-2004
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Fig. 7. Spatially complete diffuse bihemispherical (white-sky) albedo at 0.86 pm
for the 16-day periods of (a, b) January 1-16, (c, d) April 3-18, (e, f) July
12-27, and (g, h) September 30-October 14. Departures in albedo from
the five-year (2000-2004) climatology for single-year 2003 (left column, a,
¢, e, g), and 2004 (right column, b, d, {, h) albedo data are presented.
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a) Cropland Climatology b) Cropland 2002
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Fig. 8. Mean diffuse bihemispherical (white-sky) albedo values computed by
10° latitude belts for three bands (0.47 and 0.858 pm narrowband, and
the 0.3-5.0 um shortwave broadband) during the 16-day period of July
12-27 (data day 193). Trends are computed for three ecosystem classes,
cropland (a and b), grassland (c and d), and mixed forest (e and f) from
the five-year aggregate climatology (a, ¢, and e) and the 2002 single-year
albedo data (b, d, and f).
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a) Cropland Climatology b) Cropland 2002
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Fig.9. Mean diffuse bihemispherical (white-sky) albedo values computed for
each 16-day period for three bands (0.47 and 0.858 pm narrowband, and
the 0.3-5.0 pm shortwave broadband) over the 50°N-40°N latitude belt.
Trends are computed for three ecosystem classes, cropland (a and b),
grassland (c and d), and mixed forest (e and f) from the five-year aggre-
gate climatology (a, ¢, and e) and the 2002 single-year albedo data (b, d,
and f).



